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♦
♦
♦
♦ ♦♦
♦
♦
♦
♦
♦
♦
♦
♦ ♦♦♦ ♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦♦
♦ ♦♦♦
♦
♦♦
♦♦♦ ♦♦♦♦ ♦♦♦ ♦
3D : z=3/4L♦2D
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Pression 
Capteur 
Champ de pression 
numerique maillage fin
× × × × × × × ×
×
×
×
× ×
×
×
×
×
×
×
×
× × ×
×
×
×
×
×
×
×
× × × × ×
×
×
×
×
×
×
×
×
×
× × × × × × ×
× ×
× × × × × × × × × × ×
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numerique maillage grossier
◊ ◊ ◊ ◊ ◊
◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊ ◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊ ◊ ◊ ◊ ◊
◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊
◊
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0.39
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Vitesse 
Capteur 
Champ de vitesse 
maillage grossier
◊
◊
◊
◊
◊
◊ ◊ ◊ ◊ ◊
◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊ ◊
◊
◊
◊
◊
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◊
◊
◊ maillage fin
×
×
×
×
×
×
×
×
× ×
× × ×
×
×
×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
× × × ×
×
×
×
×
×
×
×
×
×
×
×
×
× × × ×
× ×
×
× ×
× × × × × × × ×
×
×
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Pression 
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Champ de pression 
numerique dt=0.0005s
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◊
◊
◊
◊
◊
◊
◊
◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
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◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊ ◊ ◊ ◊ ◊
◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊
◊
numerique dt=0.05s
× × × × × ×
×
×
× ×
× × ×
×
× × × ×
× × × × ×
×
×
×
×
× ×
×
× ×
× × × × × × × ×
×
×
×
×
×
× × × ×
×
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◊
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◊
◊
◊
◊
◊
◊
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numerique delta=0.05
×
×
× × × × × × × × × ×
×
×
×
×
×
×
×
×
× × ×
×
×
×
×
×
×
×
× × × × ×
×
×
×
×
×
×
×
×
×
× × ×
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×
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w _°r_Fqtu_}*ªSh]_°ig_~Êhe w _DEªSh]eD_FtylQepqv_Fz¤ln w jHqtÂq]oHlu}n_­zjDtQj½H_Ezh]q@²Õjveg«]ig_~lnjHhs{ w _~luh]}n«]h]ig_qz_HEj w oDrslu_
hqWzoH^`roD}yln_^`_qSl6igjH^`epqjHep}n_#tuh]}~h]q_#rjH}ylnep_ w hWr]}novif_l w _fep_FqSl(lnh]}u«h]ip_FqSl6_Fqtuh]e³ln_ w jvqtikj-ÀFoHq]_
ogfigjzoHhzZ]_7igep^`eplu_7lnh]}n«]h]ig_qSlu_U_Ftyl­r]ig_egq]_^`_qSl w D_igoHr]rO_D f#_Ft#zoDqzightuepoDqt°tuoHqSl#£@}jvr]r}uoszZ]_F}
w _z_igip_Et w ® h]q]_@lnh w _ w ® FzoHh]ig_^`_FqDl-jHhsluoDh]} w _@«]h]ig«O_ w _@«jmln_FjHh=¥áE¨© O#_lulu_@lnh w _D]«jHtu_tuh]}/igj
zoH^`rjH}njHegtuoHq w _zof_¬4zeg_qSlnt w _lu}j j q]_oH«]lu_qfht[rjv}[r]ightyeg_h}nt[^`o w \ig_FtÕigjH^`epqjHep}n_Hflnh]}n«]h]ig_qSlnt
¹Qº-»#ipegq]FjHep}n_~_lq]oHq]¿¯igepqFjveg}n_  j½H_Ez w _Ft*^W_Etyh}u_EtÂ_{srO}nep^`_qSljvig_FtQegq w ekªSh]_­ªSh]_°ig_°^`o w \ig_#¹Qº-»­qoHqs¿
igegq]FjHep}n_7¥g¦F½¨ w oHqq]_­ig_Ft(^`_egipig_h]}t(}uEtyh]iplnjvlntF ½#_#^Wo w \Fip_#q]oHq]¿¯igepqFjveg}n_°_Ftyl(_Fq.oHhsln}u_#ip_ty_Fh]if£7r]}n w eg}n_
hq`zoH^`rOoH}ulu_^`_FqDl~ªShjHtuep¿¯ikjv^`egqjveg}u_[tuh]}6ip_[lnep_F}nt~jH^WoDqSl w h«]hip«O_/_l°h]qzoH^`roD}yln_^`_qSl6luh}u«]hip_FqDl
tuh]}7ig_.}n_Ftylu_ w _igj4tylu}nhzluh]}n_H "Ëi(roDh]}n}njzoHqtyluepluh]_F}7h]q]_HoHeg_ w ® epqfD_FtyluegDjmlnepoDqhi³ln}nep_Fh]}u_D |oHh}7ip_
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×
×
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×
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×
experimental numerique k-epsilon loi de paroi
◊ ◊ ◊ ◊ ◊
◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
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◊
◊
◊
◊
◊
◊
◊
◊
◊
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◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊ ◊
◊
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qfh]igig_Ft£ igj rjH}uoDeB °|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L^
 	
	 !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 ]¦
= I = ? $ ; <  <µÉ <µÆF  ; Ä  $%) $5 $'& ; ÄOÉ )
|_h w ® luh w _FtWtyoDqDl w egturOoHq]eg«]ig_Ft w jvqtigj5ipeplyln}jmlnh]}u_tyh]}igj=ty_Fqtuep«]egige³ln:jvhKqoH^«}u_ w _:/_xS¿
qoHi w t,4i6 w h:zoHh]r]ikjvD_/Êh]e w _¿©tylu}nhz¤lnh]}n_H D±­® egqSluF}uÁl w ® h]q]_U}u w hz¤lnepoDq w h4qoH^«}u_ w _/_Fxfq]oHi w t°_Etl
w oHh]«]ig_°·Ojv^`igepoD}u_F}/igj:tljv«]egipeplu w _FtUzjvikzhigt7luoHh]l-_q5jHh]H^`_FqDljvqSl7ig_.rjHt w _@ln_^`rtU_l-rO_}n^`_lyln}u_
hq]_zoH^`rjH}njHegtuoHq=j½H_Fz w _Et@tyeg^h]ikjmlnepoDqt^`_q]F_Ft_q }nHeg^`_`igjH^WegqjHep}n_
Õip_Et@zjDtlu_Ftylnt^`_Fq]Ft_Fq
}nDep^`_`ikjv^`epqjveg}u_`j½H_Ezig_Ft@feplu_Etutu_Ft}n_Fipig_Ftegqm_Fzlu_Et@_q¼tuoHh	_F}ueg_¿ w _iB® oH} w }n_ w _ p=  !¿ w e³¿
D_}nH_FqDl ¤ 
±(j egHh]}n_M¦D¦¢r]}nFtu_qSlu_=ip_Et	zZjv^`rt w _=r]}n_FtntuepoDq zjvikzhipEt£MSeplu_Etutu_ }uF_igip_¢_l	}n w h]e³ln_ Bjvr]}n\Ft
^h]ipluegr]ipekzjvluegoHq rjv}:hq ²ÕjHzlu_h} w ® FzZ]_Fipig_ w jvqt:ip_ ty_EzoHq w zjDt   Uq oD«slueg_qSltu_qtueg«]ip_F^`_qSlig_Ft
^`ÁF^W_Et}uEtyh]iplnjvlntFÂz_ªSh]e°jHzFz}n w eplu_WiB® ZfxfroHluZ]\Ety_ w ® epq w rO_q w jHqz_ w hzZjH^Wr w _`r]}n_FtntyegoHq¢fekt¿Ë£m¿
fekt w _4i6D ±Q_Et-zZjH^`rt w _fe³ln_Ftnty__q¢}n_mjvqzZ]_  egHh]}n_4¦½  w e³\}n_qSlUriphtUq]oHlnjv«ip_F^W_FqSlF^jHegt
ikj	tln}uhzluh]}n_ w _i¯® FzoDh]ig_^`_qSl µ^`oHq]oHluoDq]ep_ w hzZjv^`r w _feplu_Etutu_HigoHq]Dh]_h]} w _W}n_Fzeg}zh]ikjmlnepoDqQ p g  
}n_Ftylu_e w _qSlnegªSh]_rOoHh]}7ig_Ft w _hs{	Seplu_Etutu_FtF 
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experimental numerique U reelle
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×
×
×
×
×
×
×
× × ×
×
×
×
×
×
×
×
× × × × ×
×
×
×
×
×
×
×
×
×
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× × × × × × × × × × × × ×
×
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ogf 	 _Ftyl7igjW²µ}nFªSh]_Fqz_ w _ w ljHzZ]_F^W_FqSl/luoHh}u«]egigipoDq]qjveg}n__l _Ftyl7iB® rjvektutu_h]} w _.igj`^jDªDh_lyln_H_Etl7egqsÊh_qz.rjv} 476 µ}nFtuh]i³ljmlUzoH}n}uoD«oD}u w jvqt@¥ aH¨  UqoH«]lueg_qSl-}n_Ftur_Ez¤luegH_F^`_qSl    JL= $ <'&^=W_l
   JT= $ : &#%`rOoHh]}>-}uF_igip_@_l >7}n_Fipig_s¦F #_.}uEtyhi³ljml7}n_Ftylu_ w ep¬4zegip_£4epqSlu_F}ur}ulu_}/_l-q]Ez_Ftntue³ln_}j
w _Ft/zjHigzh]ikt/tyh]rr]ipF^`_qSlnjHep}n_Ft[rOoHh]}7zoH^`r]}n_q w }u_iB® oH}negHegq]_ w _@z_lulu_ w ep}n_qz_H 
= I F YÄ ; ÈHÉÕ(<ÕÄ ;  ) $f`Æ $SFÆF
´-oHht/}n_lnep_Fq w }noHqt w _.z_Ftln_Ftylnt w _.tu_qtueg«]epigeplu°·

 ªSh]_#ig_FtEzoHhip_F^W_FqSlnt6ªSh]efq]oHhtegqSlu}n_Ftntu_qSl(r]}nFtu_qSln_qSl(r]}negqzegrjvig_^`_FqDl w _EtzFjv}jHzlu}nektlnegªSh]_Et«]e w ep^`_FqtyegoHqq]_igip_Et_l@ªDh_rjH}zoHqtuFªSh]_FqSlFOh]q]_W}u_Fr]}uEty_FqSlnjmlnepoDq5v tyh]¬`}j] ´7oDhthsluegigegtu_¿
}uoDqtWip_	^jvegipikjvD_H }u_FigjvluegH_^`_FqDl`H}noDtntuep_F}rOoHh]} w _Et`}njHegtuoHqt w ® FzoDq]oH^`eg_ w _ln_^`rt w _
zjHigzh]iB«]eg_q¢ªSh]_z_.zZ]oHep{q]_q]oHht7rjv}jvektutu_rjHt-_qSlueg\}n_^`_FqDl-tnjmlnegty²ÕjvektnjvqSl  w _Et/lu_Etlt-tuh]rs¿
r]ig^`_qSlnjHep}n_Ft/tuh]}/ikj`ªDh_FtyluegoHq w _@iB® egq w rO_q w jvqz_ w h^jvegipikjvD_ w _Ff}uoDqDl/Álu}n__FqSlu}n_r]}negt ¤ 

 ªSh]_ip_rjHt w _-ln_^`rt w oDe³l/Áln}u_oHr]lueg^WekturOoHh}Ffe³ln_} w _ipektnty_F}z_}ulnjvegqtr]Z]Fq]oH^`\Fq]_Ft«]}n_²ÕtzoD^W^`_7ig_ w lnjHzZ_^`_qSl~luoDh]}n«]epigigoHq]qjHep}n_H D|(oDh]}°ig_Ft~_Etutnjvekt~tuh]}°ikj^`jDªSh]_lulu_ w _¸epigikjvhQvqoHht
hsluegigegtu_}noHqt-h]qrjDt w _@ln_^`rt w _& $  =    ÕroDh]}-h]q_fe³ln_Ftnty_@}n w h]e³ln_£i¯® _FqSlu}n_ w _iB® oH} w }n_
w _ :$ &  !  

 ªSh]_[ip_[zZ]oHep{ w hWrjv}jv^`\lu}n_ V7egqsÊh_qz_ig_[zZjv^`r w _#r}u_EtutuepoDqQ V-jUlnoDrslueg^`egtu w _[^`jHq]eg\}n_£WroDh]HoDep}7jHr]r]igegªSh]_F}/igjWigoHe w _./_FegzZjv} w l/_qluoHh]l7roDepqSl w _ikjtln}uhzluh]}n_H 
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 ªSh]_=^`ÁF^W_ w jHqt w _FtzoDq w epluegoHqt_{srO}nep^`_FqDljvig_Ft w eplu_Ft	ikjv^`egqjveg}u_Etegitu_ w H_FipoDr]rO_ w _lu_Figt`D}nj w ep_FqSlnt w _Seplu_Etutu_jvhslnoHh]} w _i¯® oD«tljHzip_ªShQ® hq }nDep^`_luh]}n«]h]ig_qSl4t® egqtljvh]}n_H ~¡~q
zoDqtyEªSh]_qz_HSq]oHhtj w oHr]lu_}noHqt­tuxftyluF^jmluekªSh]_^`_FqDl[ig_U^`o w \ig_@¹º¢»@j½H_Ez7igoHe w _Urjv}noHe¯ S¡~q
}uEjvige³lnH]egi(tu_^«]ig_ªSh]_@iB® FzoHh]ig_^`_FqDltyoDe³l7ikjv^`egqjveg}u_.£`r}uo½{seg^Weplu w h«oD} ww ® jmlulnjHªSh]__l-q]_
w _feg_q]q_:lnh]}u«h]ip_FqSlªShQ® jvh ^`epigep_Fh w hMrOoHqSl ÕzoDhzZ]_ipeg^`e³ln_lnh]}n«]h]ig_qSlu_ w D_igoHr]rO_ ¤ ~±*j
lu}jvqtuepluegoHqikjv^`epqjveg}u_¿Blnh]}u«h]ip_FqSl w _^`_h}u_7jDtutu_À w Fipekzjvlu_-£.^Wo w Fipektu_}­_l­rO_h w _Uzo w _Ft#tyoDqSl
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